Chronic hyperammonemia alters extracellular glutamate, glutamine and GABA and membrane expression of their transporters in rat cerebellum. Modulation by extracellular cGMP.
Trafficking of glutamate, glutamine and GABA between astrocytes and neurons is essential to maintain proper neurotransmission. Chronic hyperammonemia alters neurotransmission and cognitive function. The aims of this work were to analyze in cerebellum of rats the effects of chronic hyperammonemia on: a) extracellular glutamate, glutamine and GABA concentrations; b) membrane expression of glutamate, glutamine and GABA transporters; c) how they are modulated by extracellular cGMP. Hyperammonemic rats show increased levels of extracellular glutamate, glutamine, GABA and citrulline in cerebellum in vivo. Hyperammonemic rats show: a) increased membrane expression of the astrocytic glutamine transporter SNAT3 and reduced membrane expression of the neuronal transporter SNAT1; b) reduced membrane expression of the neuronal GABA transporter GAT1 and increased membrane expression of the astrocytic GAT3 transporter; c) reduced membrane expression of the astrocytic glutamate transporters GLAST and GLT-1 and of the neuronal transporter EAAC1. Increasing extracellular cGMP normalizes membrane expression of SNAT3, GAT3, GAT1 and GLAST and extracellular glutamate, glutamine, GABA and citrulline hyperammonemic rats. Extracellular cGMP also modulates membrane expression of most transporters in control rats, reducing membrane expression of SNAT1, GLT-1 and EAAC1 and increasing that of GAT1 and GAT3. Modulation of SNAT3, SNAT1, GLT-1 and EAAC1 by extracellular cGMP would be mediated by inhibition of glycine receptors. These data suggest that, in pathological situations such as hyperammonemia, hepatic encephalopathy or Alzheimer's disease, reduced levels of extracellular cGMP contribute to alterations in membrane expression of glutamine, glutamate and GABA transporters, in the extracellular levels of glutamine, glutamate and GABA and in neurotransmission. This article is part of the issue entitled 'Special Issue on Neurotransmitter Transporters'.